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Abstract 
7-aminocephalosporanic acid (7-ACA) is the key intermediate powder to product cephalosporin. The ignition temperature test 
device (NU-TC1000) for dust cloud was used to test the minimum ignition temperature of 7-ACA dust cloud. When the 
dispersion mass of 7-ACA dust is 0.8g, the minimum ignition temperature of dust cloud is 496ć. The minimum ignition 
temperature increases first and then reduces with the increase of dispersion mass. When 7-ACA and acetone are mixed in the 
ratio of 1g 7-ACA plus 0.75ml acetone and the dispersion mass of mixture sample is 0.6g, the minimum ignition temperature of 
dust cloud is 400ć. Experimental results show that the minimum ignition temperature of dust cloud decreases markedly by 
adding acetone into 7-ACA dust. How to set powder has a quite influence on the results. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
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1. Introduction 
Dust explosion is mainly characterized by the ignition temperature, the explosion limit, the minimum ignition 
energy, the maximum explosion pressure and the maximum rate of pressurerise [1,2]. The minimum ignition 
temperature of dust cloud has an important guiding role in the selection of explosion-proof electrical equipment and 
in the risk assessments of combustible dusts [3]. The dust cloud is the main existing form of combustible dust in 
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production site [4]. That the ignition source of high-energy ignites dust cloud is the main reason causing dust 
explosion in production process. For example, the explosion of rubber admixture in Monsanto Company occurred 
due to the dust cloud ignited by high temperature of components inside the mill [5]. 
Research for the minimum ignition temperature of dust mainly concentrates on coal dust, metallurgical dust and 
food dust. Yang Jianguo, Zhao Hong and Cen Kefa established BP neural network prediction model to forecast the 
ignition temperature of pulverized coal by using genetic neural network [6]. Zhang Maozeng researched relationship 
between ignition temperature of coal dust and the particle size. They found that the ignition temperature of coal dust 
cloud reduced with decrease of particle size of dust [7]. Zhang Junyan. researched the minimum ignition temperature 
of lean coal ejected from blast furnace and discussed how the mass concentration of coal dust, coal dust granularity 
and jetting pressure affected the minimum ignition temperature [8]. Yuan Chunmiao studied the influence of inerting 
gas on the minimum ignition temperature of magnesium dust. Their research indicated that the nitrogen and argon 
had inerting effect on magnesium dust, and sensitivity to ignition reduced faster with higher degree of inerting [9]. 
Eckhoff proposed partial inerting to reduce the sensitivity of magnesium to ignition, which was highly important to 
effectively prevent explosion of materials sensitive to ignition [10]. However, current research on the minimum 
ignition temperature of drug dust is relatively scarce. 
In pharmaceutical industry, drug dust potentially leaks in the production process, where the risk of combustion 
and explosion exists [11]. 7-aminocephalosporanic acid (7-ACA) powder is a key intermediate in production of 
cephalosporin [12,13]. During the preparation of 7-ACA, acetone is in request as eluent to improve the recovery rate. 
During the extraction process, heterogeneous combustibles, like acetone and drug dust, likely coexist in vacuum 
drying link. In this situation, explosion accidents are inclined to happen if nitrogen protection fails at the same time.  
In this paper, the ignition temperature test device (NU-TC1000) for dust cloud was utilized to simulate the 
coexistence of gaseous acetone and 7-ACA dust in vacuum drying link to study the variation of the minimum 
ignition temperature of 7-ACA dust cloud. The aim is to provide guidance for correct selection of electrical 
equipment and design of fire and explosion prevention in 7-ACA production process of pharmaceutical companies. 
2. Experimental system and solution 
2.1. Device and principle 
The ignition temperature test device (NU-TC1000) for dust cloud is developed by the Northeastern University, 
which accords with the requirements in GB/T16429-1996 [14]. The structure device is shown in figure 1. 
1 needle valve˗2 pressure gauge˗3 gasholder˗4 solenoid valve˗5 bunker˗6 furnace shell˗7 resistance wire˗8 insulation material˗9 
thermocouple to control temperature˗10 thermocouple to record temperature of furnace wall˗11 furnace tube˗12 mirror 
Fig.1. The ignition temperature test device (NU-TC1000) for dust cloud. 
A bunker is connected with a furnace by 90º elbow. Two thermocouples are placed in the middle of the furnace 
tube. The first thermocouple which detects and controls temperature of furnace clings to the external wall. The other 
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clings to the inner wall and is perpendicular to the first one, which is mainly used for testing experimental 
temperature. 
Working principle: At the beginning of a test, the furnace temperature is predetermined at a constant value. Then 
the dust is dispersed into the furnace by high-pressure air. Observing the lower end of furnace tube, if flame comes 
out in three seconds, the predetermined temperature is the ignition temperature of 7-ACA dust cloud [15]. 
According to GB / T 16429-1996, the experimental data of the minimum ignition temperature needs to be revised 
before being applied into production practice. Concrete method is shown as follows: 
Ttest>300ć   Tmin=Ttest-20ć˗ 
Ttest≤300ć   Tmin=Ttest-10ćǄ 
2.2. Solution 
1˅The minimum ignition temperature test of 7-ACA dust cloud  
The gas dispersion pressure is set to 0.2MPa according to GB/T 16429-1996. The minimum ignition temperatures 
of 7-ACA dust cloud are measured at different dispersion masses of 0.4g, 0.6g, 0.8g and 1g. 
2˅The minimum ignition temperature test of mixture of acetone and 7-ACA dust  
Acetone of different doses is added into dust to prepare mixture samples. The 7-ACA dust and acetone are mixed 
in the ratio of 1g powder severally plus 0.25ml, 0.5ml, 0.75ml acetone. Then minimum ignition temperature of dust 
cloud is tested when dispersion mass of mixture is separately 0.4g, 0.6g, 0.8g and 1g. The minimum ignition 
temperatures of mixture will be compared with results of 7-ACA dust. 
3. The experimental results and analysis 
3.1. The experimental results and analysis of ignition temperature of 7-ACA dust cloud 
The minimum ignition temperature of 7-ACA dust cloud is recorded. After amendment of the minimum ignition 
temperature, the revised value is shown in Table 1. Known from Table 1, when the dispersed pressure is 0.2 MPa, 
the minimum ignition temperature of 7-ACA dust cloud decreases with the increasing dispersion mass in a certain 
range. As the dispersed mass of dust cloud is 0.8 g, the ignition temperature reaches the lowest value. However, 
continuative increase of the dispersed mass results in the rise of the minimum ignition temperature. Thus, there is an 
equivalent dispersion mass of 7-ACA dust around 0.8 g to bring about the completed combustion of 7-ACA dust 
and make the minimum ignition temperature of dust cloud lower. If the concentration of 7-ACA dust achieves the 
equivalent concentration in the workshop, the possibility of 7-ACA dust being ignited greatly increases.  
Table 1. Revised value of the minimum ignition temperature of 7-ACA dust cloud 
Dispersion Mass(g) Dispersion 
Pressure(MPa) 
Test 
Temperature(ć) 
0.4 0.2 511 
0.6 0.2 500 
0.8 0.2 496 
1.0 0.2 509 
 
In the experiment, the phenomenon of fire is obvious when the experimental temperature is much higher than the 
minimum ignition temperature. When the experiment temperature reduces gradually, the flame becomes weaker and 
igniton delay occurs. The research results show that, if the dispersion mass of 7-ACA dust is different, the ignition 
temperature when the ignition delay occurs and the delay time changes accordingly. The longest delay time emerges 
when the experimental temperature reaches the minimum ignition temperature. 
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3.2. The experimental results and analysis of ignition temperatures of 7-ACA dust cloud mixed with acetone 
As shown in Figure2, the minimum ignition temperature of 7-ACA dust cloud decreases significantly when 
acetone is added into 7-ACA dust. When 7-ACA and acetone are mixed with the ratio of 1g and 0.75ml and the 
dispersion mass is 0.6g, the minimum ignition temperature of 7-ACA dust cloud is 400ć. 
 
 
Fig.2. Revised value of the minimum ignition temperature of 7-ACA dust cloud mixed with acetone 
 
After adding the mixture of dust and acetone into the bunker and setting the test temperature to the minimum 
ignition temperature of 7-ACA dust, the fire phenomenon is obvious. When the test temperature is close to the 
minimum ignition temperature of the mixture, the flame remains in the furnace. Otherwise, the flame doesn’t come 
out, even though the sound of ignition can be heard. 
The acetone of the mixture in furnace volatilizes, which causes the coexistence of gas phase and 7-ACA dust. A 
portion of oxygen is consumed by the burning of the gaseous acetone, and the residual oxygen is insufficient. At the 
same time, the time of heat storage of dust is extended by the lower test temperatures and only a small amount of 
floating dust is ignited in the furnace. Therefore, only the sound of deflagration can be heard and the flame cannot 
spread to the bottom of the furnace chamber. 
When the minimum ignition temperature of the mixture is under determination, the bunker has a higher 
temperature by the influence of the hot airflow in furnace. The acetone evaporates before the starting of test, which 
leads to the failure of experiment. In order to solve the problem, two methods of discharging powder are designed. 
The first method of discharging powder is that, before heating, the bend 90eelbow is revolved to impede the hot 
airflow entering the bunker. Until the temperature in the furnace is appropriate, the elbow is reversed to the 
connection position. At this time, the temperature in the furnace accelerates rapidly. The samples are fleetly put into 
the bunker. One experiment is completed after powder injection until the test temperature is reached. 
The second method of discharging powder is that, the samples are put into the bunker first, and then the elbow is 
reversed back to the connection position. One experiment is completed after powder injection until the test 
temperature is reached. 
When the second method of discharging powder is adopted, 7-ACA and acetone are mixed in the ratio of 1g 
powder plus 0.25ml acetone, and the dispersion mass is 0.8g, the minimum ignition temperature of 7-ACA dust 
cloud is 390ć. This result is much lower than the results when the first method is adopted and still has a downward 
trend. When the second method is adopted, although the elbow is not connected to the furnace chamber, the bunker 
still has a certain temperature because of the heat radiation. At this time, desorption occurs among a portion of 
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acetone in the sample and the initial temperature of the sample rises. After the sample is sprayed into the furnace 
chamber, the gaseous acetone burns firstly. However, whether the 7-ACA dust burns cannot be ascertained. 
Therefore, the first method is adopted to complete the experiment. 
4. Conclusions 
Experimental results show that the minimum ignition temperature of 7-ACA dust cloud first decreases then 
increases with the increase of dispersion mass. When the dispersion mass is 0.8g, the minimum ignition temperature 
is about 495ć. After the acetone is added to 7-ACA dust, the minimum ignition temperature of dust cloud drops 
significantly, and shows a downward trend with the increase of acetone. 
The methods of adding dust have a very significant impact on experimental results. 
When the 7-ACA mixed with acetone in a ratio of 1g powder plus 0.75ml acetone, and the dispersion quality is 
0.6g, the MIT is about 400ć. 
Experimental results provide a theoretical basis for the electrical equipment selection and explosion-proof design 
of Pharmaceutical companies. 
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